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ABSTRACT
This paper presents an overview of the specialized literature on the use of intercropping system for runner 
bean crop (Phaseolus coccineus L.). The aim of this paper is to present the state of knowledge on the use of the 
interrow or the intercropping system, for increasing the quantity and quality of runner bean production in terms 
of economic efficiency. The research was made based on comparative studies and case studies, using data from the 
specialized literature. Intercropping system can be viewed as a managerial practice of increasing the production 
of certain crops suitable to this system. A situation diversity was highlighted, regarding various combinations and 
ways of arranging the runner bean with other cultivated species. Their advantages and disadvantages have been 
analyzed, as well as the possibilities of their application in Romania. As a general conclusion, runner bean is a 
species that can successfully suit the intercropping system in the ecological conditions of Romania.
Keywords: associated crops, crop competition, establishment design, sunflower, The Three Sister Method.
INTRODUCTION
In Romania, the runner bean (Phaseolus 
coccineus L.) has been very little studied, both as 
a species and crop used in method of cultivation. 
The first significant signal, especially regarding 
the importance of the culture and the technology 
of cultivation, was realized by Munteanu (1985). 
Since 2000, runner bean has been investigated 
in more detail (Popa, 2010). Being a cool and 
humid climate vegetable species, in the steppe 
conditions of Romania, the crop is subject to 
soil and atmospheric drought. Therefore, to 
obtain efficient and stable yields, it is necessary 
to develop a system of cultivation, in which 
the technology can adjust the unfavourable 
environmental conditions (Munteanu, 2005). Such 
a system can be represented by the interposition 
of runner bean plants with other cultivated plants, 
respectively the interleaved cultivation systems or 
“intercropping”.
Intercropping is known for thousands of years 
(Kass, 1978) and it is the system in which, in the 
same land area and time, two or more crop species 
are cultivated (Andrews and Kassam, 1976; Anil et 
al., 1998 , Ofori and Stern, 1987). The purpose of 
this system is to put the crops in the same place 
during their entire growing season or at least for 
a period of time (Mousavi and Eskandari, 2011). 
The plants involved in intercropping can be 
seeded or planted at the same time or at different 
times (Ofori and Stern, 1987). Intercropping is 
based on the management of plant interaction in 
order to increase the productivity (Vandermeer 
1989, Willey, 1979a,b). Plants may ameliorate, 
reciprocally, the environmental conditions and 
they can increase the availability of resources for each other.
Through the cultivation of intercropped 
vegetable plants with intercropped non-legumes, 
the transfer of symbiotically fixed nitrogen to the 
species in association can be achieved and, also, 
phosphorus (P) can be released from organic 
compounds through the work of extracellular 
enzymes (Dakora, 2003; Ștefan et al., 2013a,b). 
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(a) row-intercropping, is defined as growing two 
or more crops simultaneously when at least one 
crop is sown in rows; 
(b) strip-intercropping, involves growing two or 
more crops at a time in different strips, wide 
enough to allow independent cultivation, but 
narrow enough to allow interaction between 
them; 
(c) mixed-intercropping, involves growing two 
or more crops together in no distinct row 
arrangement;
(d) relay-intercropping, namely a second crop is 
sown into a standing crop, when the standing 
crop is at its reproductive stage, but before 
harvesting.
Kang et al. (1985) added the hedgerow in-
ter cro pping, or alley cropping, which involves 
planting rows of annual crops between rows of 
trees, which are periodically pruned to minimize 
the effects of shading. Regardless of the spatial 
arrangement, the plants which are growing 
together are in competition for light, water and 
nutrients (Vandermeer, 1989). As a result, they 
may have positive or negative influence on each 
other. Intercropping success depends on a good 
balance between competition and facilitation, 
respectively advantages and disadvantages (Fig.1).
The advantages of intercropping make this 
ancient practice to provide interest even today, 
when the method is used predominantly in small 
farms with less developed technologies. These 
main advantages are: reduction of pests damage 
due to the diversity of crops; reduction of diseases 
damage; removal or reduction of weeds, through 
allelopathy or competition; reduction of erosion 
of sloping lands and protection of soils (e.g. 
strip- intercropping); increase or maintainance 
of organic matter content; attraction of a large 
number of useful insects, especially when plants 
that are already blooming are included in the crop 
system; more efficient use of land on the farm; 
potential increase in total production and farm 
profitability, compared with the case where crops 
are grown separately; increasing diversification of 
crops in a single growing season; improvement of 
the microclimate of the agricultural ecosystem etc. 
(Kass, 1978; Vandermeer, 1989). Also, through this 
system, an economic efficiency is ensured, by the 
fact that, if one of the crops is compromised, the 
other crop may provide revenue. This advantage 
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This way, soil fertility can be ameliorated. The 
interleaving of vegetable plants with cereals is 
practiced mostly in unirrigated regions, especially 
in the Mediterranean area (Anil et al., 1998).
MATERIALS AND METHODS
The achievement of our approach relied 
on a systematic study based on an extensive 
bibliography from Romania and abroad. The 
biological material taken into consideration was 
the runner bean species. As working methods, we 
used comparative analysis and case study, based on 
existing information in the specialized literature, 
given the possibilities of applying this system of cultivation in the environmental circumstances 
of our country. Advantages and disadvantages of 
this cultivation system and possible obstacles in 
its implementation were highlighted. This analysis 
is considering the economic efficiency of the crop, 
based on the quantity and quality of the harvest, 
risk reduction and costs diminishing. 
RESULTS AND DISCUSSIONS
Intercropping can be seen as a practice to 
increase less stable crop yields, as the runner bean. 
In comparison with a pure crop, intercropping 
is influenced by a series of agronomic practices 
that, in fact, are the secret of success in this 
system of cultivation: plant density, date of crops 
establishment, resources availability and spatial 
arrangement (Mazaheri et al., 2006).
Runner bean is an annual species, although, at 
its origins, it is a perennial plant, with a growing 
season of 120-125 days, alogam pollination, 
hypogeal emergence with a high ecological 
plasticity and a high tolerance to some pathogens 
(Stan et al., 2003). Worldwide, this species is cultivated both as a pure crop and interspersed 
with other species, setting up extremely varied 
schemes, both in terms of spatial arrangement and 
plants association (Hamburdă, 2014; Munteanu, 
2013; Olaru 1982; Popa, 2010).
Intercropping can be formed by annual plants 
interspersed with annual plants, annual plants 
interspersed with perennial plants and perennial 
plants interspersed with perennial plants 
(Eskandari et al., 2009). 
Regarding the spatial arrangement, there 
are at least four basic spatial arrangements used 
in interspersed crops (Ofori and Stern, 1987; 
Vandermeer, 1989): 
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is the reason why intercropping system is under development and is more stable compared to 
monoculture (Eskandari et al., 2009; Horwith, 
1985).
Most studies conducted on intercropping 
system targeted production without putting 
emphasis on interspecific processes that have 
contributed to these results. It is well known that 
light, water, minerals, oxygen and carbon dioxide 
are the necessary elements for plant growth 
(Trenbath, 1976). Intercropping success depends 
on thorough knowledge of the botanical, ecological 
and technological particularities of the associated 
species, especially habitus, root morphology, 
requirements for water and nutrients. Plants 
compete for light above ground and water and 
minerals in the soil, so the competition involves a 
combination of light and soil factors in time and 
space (Machado, 2009). Haynes (1980) concluded 
that a proper management of the root system of the 
associated crops can minimize root competition 
for water.
The intercropping system disadvantages 
are: competition for items that are necessary for 
plant growth and development; impossibility of 
applying mechanical and/or manual maintenance 
work and the allelopathic effects that can lead to 
lower yields etc. (Lithourgidis et al., 2011). Also, 
the labour requirements of an intercropping 
system may be higher than sole cropping, as two 
or more different crops are sown at the same 
moment or shortly after one another. On the other 
hand, labour requirements may also be lesser in 
an intercropping system, for example, due to a 
reduction of weeding requirements, when weeds 
are suppressed by the intercrop. If sowing and 
harvesting periods of different crops vary, it is easier to spread the available labour over the 
entire season, avoiding its high peaks. 
If the competition for nitrogen (N) is taken 
into account, as a nutrient, it is recommended 
for vegetable plants to be planted early enough 
in the growing season to accumulate appreciable 
amounts of N from the atmosphere, in order to be 
effective N contributors (Eaglesham et al., 1982). 
Ofori and Stern (1987) showed that intercropping 
legumes with non-legumes increases the amount 
of N fixed by legumes because non-legumes 
stimulate legumes to maximize their capability to 
fix N. However, they claimed that legumes have a 
secondary role in legume-cereal intercroppings. 
To reduce competition for water and minerals, 
Andrews and Kassam (1976) recommended 
to plant crops at different times of the growing 
season in a relay-intercropping system.
The effect of intercropping on nematode, 
insect, disease and weed problems is site-specific 
and difficult to predict and, therefore, must be 
evaluated for each new intercropping combination 
separately.
The greatest obstacles in adopting intercro-
pping system are the conceptualization of 
crop cultivation, the method of fertilization, 
the method of combating pests and diseases 
and, in particular, how the harvest is achieved. 
Considering the vastness of possible intercrop combinations and the countless climatic and soil 
conditions involved, it is not possible to generalize 
the recommendations in this regard (Machado, 
2009). John Bowen and Bernard Kratky (1986), 
professors at the University of Hawaii, recommend 
taking into account five different aspects to 
achieve a successful intercropping: (1) detailed 
planning; (2) sowing each crop at optimal time; 
(3) adequate fertilization at the optimal times; 
(4) effective control of weeds and pests and (5) 
efficient harvesting.
Intercropping efficiency can be evaluaed 
by comparing the productivity of a given area of 
intercropping with that of sole crops, using the 
competition functions described below:
Land equivalent ratio,          (1)
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Fig. 1. Row arrangement in intercropping system with runner bean.
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Where Yab and Yba are the individual crop yield in 
intercropping and Yaa and Ybb are their yields as 
sole crop (Willey, 1979a).
The LER indicates the relative amount of 
land required when growing sole crops to achieve 
the productivity observed in the mixtures. A 
total LER value > 0.1 indicates the mixture was 
more productive than the component sole crops, 
whereas a value < 0.1 suggests sole crops were 
more productive (for example, antagonistic 
effects). A LER value of 1 indicates no difference 
in yield between the intercrop and the collection 
of monocultures.
Land equivalent coefficient  
     (2)
Where, LA=LER of main crop and LB=LER of 
intercrop (Adetiloye et al., 1983).
For a two crop mixture, the minimum expected 
product before a yield advantage is obtained is an 
LEC over 0.25.
Area time equivalent ratio,
                    (3)
Where Ry = Relative yield of species ‘a’ or ‘b’ for 
example, yield of intercrop/yield of main crop, 
t = duration (days) for species ‘a’ or ‘b’ and T = 
duration (days) of the intercropping system 
(Hiebsch and McCollumn, 1987). ATER is only 
appropiate in systems with component crops of 
contrasting maturities. When components are of 
similar growth durations, ATER values are similar 
to LER. When the difference between growth 
durations of component crops is substantial, 
time becomes an important element and ATER is 
considered to be a more appropiate index of the 
efficiency of the system (Ofori and Stern, 1987).
Agressivity,    (4)
Where Yab and Yba are the individual crop yields in 
intercropping and Yaa and Ybb are their yields as sole crop. Zab and Zba were proportions of land 
area occupied on intercropping when compared 
to sole crop for species ‘a’ and ‘b’ respectively 
(Mc Gilchrist, 1965).
Relative crowdind coefficient,
   (5)
Where
   and    
Kab and Kba are the RCC for species ‘a’and ‘b’ 
respectively (De Wit,1960.)
Intercropping system perfectly folds away 
in ecological/biological/organical farms and in 
sustainable crop systems (Vandermeer, 1989). 
It was a common practice in Europe before 
mechanisation, plant breeding and use of synthetic 
fertilizers and pesticides were implemented in 
a more intensified manner in the agricultural 
production starting in the 50s. Intercropping 
perspective in arable systems and the potential 
area for intercrops in organic farming is large, 
considering the possible economic benefits 
and future legal requirements in feed and food industries.
Worldwide (especially in Africa, Sri Lanka, 
India etc.), but also in our country, runner bean 
is cultivated interspersed with maize since the 
beginning of introduction of this plant in culture. 
This manner of cultivation is advantageous for 
runner bean crop because maize plants create a 
favourable microclimate for runner bean plants, 
which are very susceptible to atmospheric drought, 
especially in the flowering period. Intercropping is 
practiced to cover production losses, if one of the 
crops is compromised (Hamburdă, 2013).
Also, in our country, the cultivation of runner 
bean associated with maize, but also associated 
with the Jerusalem artichoke and sunflower is 
commonly practiced. Their stems are used as 
a support system for runner bean plants and 
Jerusalem artichoke and sunflower leaves are 
removed in order not to obfuscate the runner 
bean crop, leaving only a few leaves at the top 
to maintain their vegetation. These cultivation 
systems are particularly effective, especially in 
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Pulses, also called ’legumes’, are a protein - rich 
source of food. The crop residues of the pulse crop 
are extremely valuable as a silo, both qualitatively 
and quantitatively, which can be used as fodder 
by cutting and carrying them to the animals, or by 
letting the animals graze the residues in the field. 
The cultivation of runner bean and cereals at the 
same time allows a mixture harvest and their use 
directly as forage (legumes compensate protein 
and cereals provide carbohydrates), or may be 
harvested separately for individual use (Trenbath, 
1976).
„The Three Sisters Method” is a common 
practice that emphasizes the benefits, considering 
that maize, climbing beans and squash are three 
inseparable „sisters”, which only grow and thrive 
together. This is a long-standing traditional 
intercrop combination of species in the Americas. 
One of the names for this combination comes from 
an Aztec trilogy. Acording to historical records, the 
farmer dug a hole in the ground and placed one 
seed of each species into the hole (Scarry, 2008). 
This method provides increasing soil fertility 
and maximizes growth space. Thus, the maize 
provides support system for beans and the beans 
help to stabilize the maize plants, making them 
less susceptible to the wind. Pumpkin plants are a 
living mulch, smother emerging weeds and reduce 
evaporation of water from the soil, thus improving 
the chances of survival of crops in dry years. Also, 
the bean plants help in nitrogen fixation, improving 
soil fertility for the coming year (Hart, 2008).
Today, this method is generally  recommended 
as an alternative system for small-scale farmers 
to improve their yield and, thus, food production 
and income in limited spaces. The microclimate 
produced by the „three sisters” combination 
favours the survival of the plants. Maize is 
notorious for extracting the N out of the soil and 
beans supply replace mineral nitrogen back into 
the soil. Essentially, these are the effects of crop 
rotation without actually having to rotate crops. 
Nutritionally, the „three sisters” provide a wealth 
of healthy foodstuff. Maize provides carbohydrates 
and some amino acids, beans provide the rest of 
the required amino acids, as well as dietary fiber, 
vitamins B2 and B6, potassium, zinc, manganese, 
iodine, iron and phosphorus, while squash 
provides Vitamin A. In Fig. 2 are some possible 
spatial arrangement of plants.
CONCLUSIONS
Research results around the world have 
shown that intercropping system has remarkable 
advantages, which require its reconsideration, 
especially in circumstances determined by the 
cultivated crops, ecological conditions, cultural 
system (conventional, unconventional), some social and economic considerations etc. 
An ideal intercropping should aim to produce 
higher yields per area unit through better use 
of natural resources, offer greater stability in 
production under adverse weather conditions and 
with disease and insect infestation, provide an 
equitable distribution of farm resources and meet 
the domestic needs of the farmer. 
Runner bean crop significantly capitalizes the 
advantages of intercropping system, for example 
with maize and sunflower, ensuring a support 
system and a favourable microclimate for plant 
growth and providing an intake of supplementary 
nitrogen for the partener plants. 
Plant productivity in intercropping system 
using runner bean is much higher then a single 
crop, through a proper combination of plants or 
setting scheme, species with which runner bean 
is associated, setting era/epoch etc. Therefore, 
it is obviously that runner bean is a species that 
successfully can suit the intercropping system, in 
the ecological conditions of Romania.
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